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Materials Toward the Comparative Analysis 
of Presentation Techniques 

One of the objectives of Project TACT Is "to determine the real po- 
tential of an appropriate gamut of educational media In a laboratory 
situation where political and Institutional problems are minimized and 
where the choice of equipment and the pattern of Instruction can oe made 
to flow logically from the intellectual structure of the material to be 
presented and the capabilities and needs of the students." 

Interest in this question arises Irom the hope of finding ways to teach 
or learn that are significantly superior in effectiveness or significantly 
lower in cost than prevailing methods and preferably both. 

Where su'jh analyses have been attempted In the past, the difficulties 
of identifyinq significant variables and the presence of a large number of 
uncontrollable variables have led to serious experimental difficulties. 
Because of ;fte impact of conclusions on vested intprests, the results of 
such studies have also led to vigorous controversy, useful background reading 
on these aspects of the problem Includes Philip D. Smith, Jr. 's A Comparison 
of the Cognitive and Audio-lingual Approaches to Foreign Language Instruction , 
a product of the Pennsylvania Foreign Language Project, published by the 
Center for Curriculim; Development, Inc., Philadelphia, Pennsylvania, 1970. 
The entire October 1969 issue of The Modern Language Journal Is devoted to 
critiques of the reports on which Smith's book is based. 

The working papers in this set present this problem in the context of 
Project TACT. They are intended zo serve as a basis for sharpening questions 
that should be asked, delineating the context within which the answers might 
be significant and determining whether or not Interesting experiments are 



feasible and potentially rewardlnc. 

All of the materials presented here have In convnon a oasis In picto. id) 
Information produced through the medium of computer graphics. .> assumed 
that the use of this medium is itself justified. In the first example, given 
In Appendices I and I!, this follows from the fact that the substance of the 
presentation Itself Is a self-description of graphical techniques for wnlch 
any other medium would be, at best, a surrogate. In the second example, given 
in Appendix IV, the merit of the asswnption rests on the fact that the amount 
of calculation required to produce the images would be Impractical without 
some form of computer assistance. 

However, once the pictures are available, namely once the InvestTient in 
the hardware and software necessary to produce them can be taken for granted, 
there remains a spectrum of alternative methods of distribution, delivery and 
use of tne pictorial material and associated prose material. 

The description of "Jisplay Formating Techniques of THE BRAIN" «;iven 
in Appendix 11 may be taken as a eference form of the presentation of iwS 
subject matter. The illustrations are still photographs taken With c 
Polaroid camera directly from THE BRAIN's catnode ray tube screer. 

The prose of Appendix II is identical with the narraticr. ay a iv.ot'.on 
picture available at our laboratory, both in the form of 16 .nir. film ar.u 
one-irch videotape suitai)le for playback on one-Inch Sony VTR's. Tnc 
pictures In the written version are essentially a fllscrete saaiple of the 
continuum of pictures in tne motion picture versions. A fourth fori of 
presentation, which might prove useful for comparison, is not available but 
could be readily produced snould it prove desirable to do so. This ton:-, 
woulo consist of a set of s-ides identical with the images of the w?*itt?n 
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version accompanied by narration on an audio tape. The issues to be con- 
sidered in comparing the several modes of presentation may us<?'u^iv be 
grouped under the headings of pedagogical, technological and economic factors. 

Among the economic factors of interest, are the projected preparation/ 
use ratio (see Report no. 4 for definition) and the patterns and costs of 
the dlstHbution mechanisms that are available to bring the presentations 
to Individuals or groups of users. 

The technological factors of flexibility, generality, complexity and 
cwnfort defined in Report no. 4 and others defined in Run, Computer, Run 
should also oe considered here. 

If one grants tnat film and videov.ape presentations of identical 
material are equivalent so far as they impinge on pedagogical factors, 
the cnoice between tnese modes would be determined entirely by economic 
and technoloaical factors. For the material described in Aopendix II, 
where the differences in resolution and ot ler characteristics of filx:. 
and videotapes are of no apparent significance, this assumption seems 
reasonable. Appendix I describes a first attempt at differentiating Ldtweer. 
the videotape and film media on econonic ana technological grounds. 

Economic and technological factors which, in other research areas, miqht 
most appropriately be left to the consideration of industry, assume in the 
realm of instructional technology a very special Importance witnin the con- 
text of the school or university. This is a direct consequence of the fact 
that, in th-'s realm, the members of a university play a role not only in re- 
search and teaching without any Intrinsically more direct involvement witn 
the object of teaching and research, but alfo are themselves both oricjinators 
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an0 consumers of the devices and processes of Instructional technology. In 
short, in this realm, unlike the vast raajonty of others of ccnctrn lo a 
university, there is a direct and immediate operationai involv . as well 
as tne normal teaching and researcn involvement. So long as Instructional 
technology is developing rapidly and fraught with many unknowns, the assunp- 
tion of responsioility for assessing, acquiring and employing instructional 
technology cannot be left to rout.ne acteini strati ve procedures as Is tr.e case 
with more established supporting goods and services used in a university's 
operations. 

Where two modes of presentation are not as self-evidently equivalent db 
film and videotape in the examole of appendix II, differences in botr costs 
and effectiveness must be assessed to provide a oasis for choice. How much 
research effort is t»- be devoted to assessing these differences depends, in 
part, on a prior judcment regardirig the magnitude of differences lit^ely to oe 
found- It depends also on whether such research is likely to produce insiqnti. 
of a more fundamental and longer lasting nature than those limueu to ooera- 
tional iRipawt- To the extent, for example, that a research prc<;,r?x. .r.ignt 
shed light on fundamental questions of perception, cognition or "iedrninot it 
miqht prove very attractive whether or not a significant d-fw^t ht -fict or. 
operdticnal costs or benefits is foreseen. 

The coiiiparlson oetween motio.i pictures and sti 1 Is-in-text .-.,0^ or 
important unsolved problems conce-ning our re'ative ca.^^cities to , rccivy 
and assimilate Information throu^n the eye as cpposec t^ tr Ot'oh 

linear ncript as opposed to two- or nigher-dlmensional p1cto:'1al T?:tnalb 
and through stills as opposeo to dynamic presentations. 
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Appendix III presents some notes on factors for comparison of the 
relative effectiveness of the three essentially distinct modes if presentation. 

The critical question is how to sharpen the set of questions implicit 
in th« first three appendices and the related inotion picture and slide- 
sound material into a research strategy and to assess whether or not the 
potential payoff of following the most promising strategy makes it worth- 
while to pursue de^r investigations. 

The material in Appendix IV Illustrates a mode of presentation which, 
on its face, would appear to have both distinct advantages in effectiveness 
over slide and motion picture presentations as well as the advantages in cost 
and flexibility inherent in print-on-paper technology at the present time. 

While motion-picture media lend themselves to the dynamic unfolding of 
events in time, at any Instant only one image is presented on the screen and 
the burden of remen^ering the history of the development is left entirely to 
the memory of the viewer. Multiple slide presentations, although capable 
only of displaying discrete samples of a continuous pictorial sequence, 
nevertheless lend themselves to the simultaneous viewing of more than one 
sample. 

With present technology, the nun&er of samples tends to be limited to 
three at most, requires a number of copies of each slide equal to the number 
of screens and raises all of the logistic and cost problems attendant to 
multiple slide presentations. By comparison, the number of images tnat can 
simultaneously be displayed on a single page of normal size can be in the 
teens witfi appropriate detail and resolution. 
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The first question that suggests Itself Is whether indeed the simul- 
taneous presentation of multiple linages In a sequence materlatly 4>!iist^ 
In the comprehension of unfolding events and the comparison 01 suc- 
cessive stages. If the answer is in the affirmative, the further question 
arises as to what happens Kli«n the number of slinultaneous Images goes beyond 
what can comfortably be encompassed within a fixed field uf view or a re- 
reasonable sweep of the page. 

It Is interesting to speculate as to whether the fact that this question 
does not appear to have received iT.uch cons 1 iteration Is a consequence of a 
prior finding that there \c no significant advantage to this approach, d 
finding burled In the literature cr in the tradition of professionals. On 
the other hand, the production of image sequences — which has become so 
easy with computer graphics formerly required considerably graater In- 
vestment of time and effort when traditional tecnniques of drafting anc 
animation were required. It is therefore possible that the questior ua% 
arisen and become significant only because of new possibilities opcnta b> 
computer graphics. 
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On-Line V i deographic Output* 



by 

Robert I, OesMaisons 
October 19, 1970 



* This was an invited report presented ut a special session on "Applications 
of Video Graphics" at the 1970 UAIOl Conference under partial support of NSF 
Contract GY-6181 and a contract between Harvard University and the IBM T.J. 
Watson Research Center. 
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The remarks I would like to make concern the use of an on-line v ideograph 1c 

medium in producing a finished presentation of graphical material. The 

actual content of the videograpntc presentation in question resulted from 

work done at Harvard University, under a contract with IBM Research and an NSF qrant, 

in which some of the graphical techniques of an interactive computer system, 

entitled THE BRAIN, were being documented using the system itself. The 

graphical output was generated on a Tektronix storage scope-scan converter 

unit which allowed simultaneous vidc-o recording on our 1-inch Sony video- 

corder. 

Considerable time and effort were spent in preparing the graphical con- 
tent of the presentation by progranming the computer system to generate 
Successive graphical franiesi but the important point to note Is that this 
preparation of the computer system would have been necessary whether tne 
recording cf me niaterial was niade on videotape, on Polaroid slides, on the 
CALCOMP plotter, or on a movie film. And so one need only oe concerned 
with the relative economics, time, and dynamics of the recording media af- 
ter the computer system has been setup with the content of the presentation. 

Tne lo mm film which accompanies this paper is a direct cop> of tne 
actual videotape recording to which I have oeen referring, in fact there 
are places in the film where it is evident that this is a copy of video 
output; but what should be noted from the film is the dyf»droic value cf 
presenting the graphical material in tnis fonn and its ability to "get the 
point across" as compared to a corresponding slide presentation or paper 
report on tne same material. 
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(Xiring the early stages of working cn this p«^f:entat1on, a draft of 
the script was reviewd by some of the people in the IBM graphlci. research 
group who comniented very politely, "Yes - that's very nice." - Dut who, 
upon* seeing it coupl(>d with the actual graphic presentation via the computer 
remarked with much more enthusiasm, "Now I really understand the points 
tnat you're trying to make!". So it was clear that the content of the 
presentation required a strong graphical boost in order to attain some 
degree of clarity. But what made the construction of the report a rela- 
tively easy and inexpensive job was the combination of the graphics with 
the vid^ 

Once the content of tnc video script had been aecideci upon, it took d 
total of two hours recording and editing time to produce the final 30~min- 
ute videotape. Thus, two nours of my time plus the canputer time used dur- 
ing the recording, and the cost of the videotape reel comprised the total 
cost of the actual recordin g itself - cr on tne order of i2 per ninutc* of 
videotape output. 

However, working with the videotape during develormental staqcs of t.^: 
graphical presentation does nul preclude the possibility of tvtrt.ariy 
producing a film to allow for wider distribution of the enc product. The 
film which accompanies this paper was copied from the videotape at an'^roA- 
inwtely :>10 per minute for the initial answer print and $50 total for e-acn 
subsequent copy. These figures can then be contrasted to the estimated 
costs of producing a film directly from the scope without any use of the 
videotape. One would make tne assumption again that the graphical script 
had been proqrammed into the computer beforehand, that the filminr would 



be done by a non-professional, and chat i^e end product ¥fou1d be a film of 
similar quality. Based on these assutoptlons the cost estimates for pro- 
ducing the aOnnlnute film (raw stock, laboratory processing and editing) 
are In the vicinity of $2000 or $65 per minute. 

Considering the convenience of viewing Inme'llately what 1s being record- 
ed, the cost factors Involved, and the fact that the videotape can be re- 
used, added to and edited. It seems logical that the combination of video 
with the graphics has significantly more to offer than does film with the 
graphics - at least on the non-professional level. 

I would like to stre;-.s the fact that the production of the videotape 
recording - aside from suggestions and criticisms on the content of the 
material - was a one-man effort. This Includes the computer progranmlng, 
the audio scr'ipt, and particularly the videotaping and editing. This is 
neither a pat-on- the-oack nor an apology, but simply a statement that with" 
tnis type of videographic ietup it is_ possible vor someone without any ela- 
borate filming background ano with .lo more video recording and editing 
Knowledge than that gai nea by reading tne instruction manual on how to 
operate the video recorder - ca£ produce a presentable piece of graphical 
material at considerably less cost than a direct film and with considerably 
more editing flexibility than a direct film. 

Given the appropriate content of the material, it is possible to sig- 
nificantly improve the dynamic effectiveness of the material over what might 
be obtained with slides or a paper presentation. And, Uit I alienate for- 
ever all those people who believe "The movie is the thing", one still has 
tne option of turning the videotape into a film for wider circulation and 
availability. 
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DISPLAY FWWATT:w<S 

by 

Robert DesMaisoiis 



This presentation was developed at Harvard University with 
the partial sfipport of a Contract with the IBM Thomas J. 
Watson Research Center and of NSF Grant NSF/GY>6181 . 
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The terminal that you see here belongs to an Interactive computer 
system entitled ThE BRmIN. The hardware consists of keyboard input with 
function upper keyboard and typewriter lower keyboard, along with a storage 
sccpe CRT for output. 

The system itself was designed to place the power of the computer at 
the user's fingertips with a minimum of man-machine interface. Clearly, 
one of the most powerful means of communicating information is the graphic 
display, and so considerable effort was made to provide I/IE BRAIN with 
flexible graphic capabilities. Since the use of the storage scope prevents 
a dynamic type of display in the refreshing sense, we've thought of the 
scope as simply a reusable piece of paper. This "page" concept of the 
scope is fundamental to our user's construction of a graphic display. 
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ir.c user tpust speofy ^ jredt .km! . t information about iho oriiat cr 
his *ifdpr.s, and since the input is limited to the keyboard, this infoniatioi. 
must De input via a symbolic type of fon,.at language. A foni^t consists ot 
^ slrinq of keywords arranged in arbitrary order and selected by the user 
fro*ii the available options of the format language. Some of the koyworjb are 
followed by arguments or may be modified by other keywords, but before 
describing some of thest keywords in detail, it should be worthwhile to 
discuss some of the basic concepts into wnich the keywords fit. 

% » (0,1,2.3) 
V « (0,4,3,6) 

7 -(-1,-1) (-3,3> , (4,-?^ , 
(-1.-1) 



Within THE BRAIN system arrays arc either structured as real or complex. 
Here the arrays X and Y are real and the array /. is complex. X is 
defined as the four component array consisting of real values U, 1, 2, and 
3, while the four components of 7 consist r;f tr.e couioU'x nuinterb (1, - .}, 
the second component (-2, +3i); and forth. 

1; 
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A user requests a curve to be mapped to the screen by using the DISPLAY 
operator followed by either two real arquments or a single complex argument. 

% « C0,1.2.3> 

C-l.-l) 
DISPLAY Y X 

In this case we have asked for the display of the two real arrays, Y vs. 
X. where Y corresponds to the ordinate and X to the abscissa. The coai- 
ponent by component matching of Y and X results in the points (0,0), 
(1,4), (2,2), and (3,6) being mapped to tne screen with connected line 
segments between those points. If we were to ask for the display of Z, the 
single argument I is all that is required since the DISPLAY operator knows 
by the data characteristics assigned to Z that it is a complex array. 

X * f0.1.2.3> 
Y « CO. 4, 2, 6) 

Z «C-1.-1>. C-2.3>, <4,-2», 

DISPLAY Y X 
DISPLAY Z 




It can then map the real part of Z onto the abscissa of the Cartesian plane, 
and the imaginary part of Z onto the ordinate.' Likewise, the connected 
line segments normally connect the points of the array resulting in what can 
be viewed as an arc in the complex plane. 

■'.J 
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In fjeneral, during the displdy, number pairs .nich represtni points 
on a tartesidrt co-ordinate system art mapped onto points of the iw.> ui- 
rnensional plane of the output scope. 



The addressable points of the scope co-ordinate system range from 0,0 in 
the lower left corner to 1023,1023 in the upper right corner. It is this 
co-ordinate system with which the user defines the viewport, or that physi- 
cal area of the screen which will be used to display his curves. 
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here you see the sine curve as represented by the arrays Y vs. X 
drawn on the full screen under the standard format. If, however, we were 
Interested In having our curve appear in a particular area of the screen, 
for instance, if we wanted the sine curve to be drawn in this area. 




we could do so by simply changing the viewport. This is done by building 
a format and specifying the diagonal points of the viewport rectangle in- 
dicated here as A and B. 
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The way a user builds a format Is In the satiio fashion as he byildi* 
any string of keypushes; that Is, by calling up.-ri rtif fiUILD operatrr, ift?- 
cifyirj rv.t he is buildinq a format, and then listing his keywc 



DISPLAY Y X 

SUXLO (F) 

PORT 600.300 d00,700 




In this particular case we're interested in building a new viewport, so wt 

use the keyword PORT followed by the scope co-ordinates that correiponu to 

A and B of the rectangle. We then store this string of keypushej. as a 
format under any given name; 



OISPtAY V X 

PORT soo,30o ^ocroo 

STORE Fl ZNVSKC Fl 




here, we've chosen to store it under the name Fl and we ma> then invoke 
Fl as the current format, or that format which exerts control over the 
DISPLAY operator. 
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If we now display Y vs. X, 



OISPtAV Y X 

BUXLO CF) 

PORT 900,300 900,700 
STORE Fi ZNVGKE Pi 
OZSPtAV V X 




we see the saiite mathematical representation moved to a particular location 
on the screen without having modified either the X or the Y functions 
in any mathemAtical sense. 







As an example of using the viewport option to obtain multiple graphs, 
this display uses four different fonnats, each defining a separate vieviport 
in the four quadrants. In the upper left quadrant, a two dimensional axon- 
oinetr-ic viev/ of a three dimensional curve in X, Y, and Z is shown. The 
other three quadrants repeat that curve in dot mode along with the solid 
curves representing the projection in the Y-Z plane, the X-Z plane, and the 
X-Y plane, respectively. 



M^ari. from the concept of tne viewport as defining a rect in 
tne scope co-ordinate system, Is the notion of defininq a "window" In the 
Cartesian co-ordinate system. Me refer to a "window" as that portion of 
the Cartesian co-ordinate system that Is being riapped onto the viewport and 
there are several ways that this window may be specified. 



If the user wishes the sy stern to decide the windov.' limits, t y cxu:rr,f],r. 
the X and Y functions ucing displayed and cnoosinq the appropriate 
scalinq --- this is considered an automatic technique. Whereas, if tne uber 
wishes to specify the window limits himself, we refer to this a n.anual 
technique. Also within these two categories, the user has tne option of 
naving the window limits remain fixed fo** all curves drawn on a ^jiven oaqe, 
thus ii.aking all tne curves be in true relationship with one another, ur. 
all tne curves may be drawn on their own scale and the window liirnts will 
thus vary for a given page. 
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To Illustrate the effects of these four techniques, we can consider 
the three curve:, defined as 

■» _A_. (K) vs. X 

6. Cos (X) *$, % 
C. Sin (X) vs. Cos (X) 

where -« « x » « 



To create the array X within THE BRAIN system, a user would call upon 
the INT operator specifying the d<»na1n and the number of equally spaced points 
to be chosen witnin that domain. 



INT "H fr ioo » jr 



Here, we have created in the working register 100 equally spaced components 
t>etween and +x. can thtsn store a permanent copy of this array under 
the naii'te X. 
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Cdllinq the SIN operdtor performs the sije function on the conU?nti> of 
tne workinq register and we can tnen store a copy of the result . :ne 
ndme Y. 



INT -w ir iOO ■ % 

SIN « Y 



Jisplayinq Y vs. X then results m the first curve Sin X vi.. X. 



INT -ir « 100 « X 

SIN = V 
OISW- AY Y X 
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Since we will be viewing this curve several times while describinq the 
window technif.ues, we can store this sequence of keypushes as an operator 
under a single name in order to avoid repeatinq the keypushes again. Ws 
do this by calling upon the BUILD operator, listing the keypushes, and 
STOREing the sequence as a user-defined operator under the name A. 

INT -tr ir Aoo ■ X 
SXN « r 

DISPLAY Y X 
STORE A 



Now by calling the operator A, we eifectively execute the whole string of 
keypushes witn one cofiimand. 



BUILO 

INT -ir ir lOO ■ x 

SIN « Y 
..DISPLAY T X 




In a similar manner the operators B and C have been constructed 
iieforehand to display the curves COo X vs. X and SIN X vs. COS X. 
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In the case of the autoffatic-fixed technique, which is the default option 
used in the standard format, the display of the curves A, B, and C, appciir 
with thr A curve fixing the window limits for itself and for l ^ and 
C curves. 




f 

4 



The limits were automatically chosen by the system as -n and on tne 
abscissa and and +tt on the ordinate. The value, ir, was chosen because 
it f.appens to be the maximum absolute value of all the components of both the 
ordinate and tne abscissa. 

If they had been displayed in reverse order, however, the pare or 
display would look differently, even under the same tech.ique. 



CPA 




This is because the limits are fixed by the C curve as -1 and +1 on both 
axes. Thus only the mathematical representation of the subseq'ient curves I 
and A which fall within those limits will appear within the viewport. 
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Witn the autoroatic-viiriable technique the order of the curve- mdkes no 
difference, although once again, one obtains a different eventual paoe of 
display. In the lower quadrant we can see that the display of each curve 
effectively changes the window limits according to its own extent and i<; 
done so automatically by the system. 




This technique provides the maxirrium detail for each curve with the obvious 
cost being that the relationshio between curves will not necessarily be a 
true one. 

In thfi manual-fixed technique the order in which the curves are dis- 
played also l(!»kes,no difference in tne final page. However, the limits of 
each mathematical representation, lixewise, have no effect upon the winiiow 
liniits. The user defines the diagonal points of the window rectangle as a 
direct part of the format — this Implies that he knows the windpw limits 
when he builds the format. 



c^7 



II-U 

If, for example* we wish to look at ihis particular section of the Cartesian 
co-ordinate system where the three curves are intersecting. 



we could build a format and specify the keyword •"Fixed", givinq the arguments 
which correspond to the diagonal points of that small rectangle. In this 
case these are the Cartesian co-ordinates (.5, -.5) and (1,1). 




FIxaD .5,. 5 1,1 . 

If we then invoke that format and display the curves A, B, anc C, we see 
only that part of each function which falls within the given window. 




fisteo .e,.e i.i a e c 
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Wnen using the manual -variable technique, the user again spe-.ities the 
windoi'T limits himself, although he can change than with different displays 
on the same page without directly changing the format. This Is done by 
using variable names as part of the format and then changing those variables 
in between displays. If we were to build a format and specify the key word 
"Variable" followed by two arguments such as R and S we could then store 
this string of keypushes as a format under, say, F2, and Invoke F2. 



PUXtO fF> 

VARIABLE R ^ 
%'%9tm F2 INV0HE F2 
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Then defininq the values R and S — - here, we've chosen R and S as 
the same Cartesian co-ordinates which defined the rectangle in the previous 
case — - and displayinq tne A curve, we see that portion of the A curve 
which appeared in the fixed window of the previous example. 



lOAP .5,. 5 « fl 4-OAO 1,1 * 3 
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However, on tne sanie page, we can now change the values of R and S to 
run the full range between -^r and ♦ir on both axes. Then, displaying 
the B curve, we see the full cosine. 

LOAD .5,. 9 • R LOAD 1,1 ■ S 
LOAD -ir.-W • R LOAD ».ir « 9 



And once again, we can change the values of R and S to now include the 
range from -Zir to +2ir on both the X and Y axes; and viewing the C 
curve, we see the circle in a different perspective. 



LOAD .6,. 5 « R tOAO 1,1 » S 
A 

LOAD >fr,-ir R LOAD ir,ir « s 
B 

LOAD « R LOAD 2Hr,M 
« S 
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X 












In reviewing the four techniques, you can see in the upper left quad- 
rant the results of the automatic-fixed technique, where the systetr. decides 
the window limits and on eacn paqe the window limits are specified and 
determined by the first curve; all subsequent curves then fit within those 
window limits. Below that is the automatic- variable technique, where again, 
the system deteruiines the window limits, but, on a qiven paqe. each curve 
resets those window limits for itself, giving the maximum detail but per- 
haps destroying the true relationship between curves. In the upper riqht 
hand corner, we see the effects of tne manual -fixed technique, where the 
user specifies the limits and each subsequent curve fits within those limits. 
While below that is the manual-variaDle technique where the user specifies 
the limits, but on a given page, in between each display, he is able to 
change those limits. 
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One of the format default options Is that the scale factors for the 
X and Y directions are set equal so that the true shape of the curve 
Is preserved. If we look at the particular curve defined as Y « 2 • sin a, 
where X ranges from -v to -t-ir, and actually display Y vs. we see 
with the given resolution of the scone very little in tenns of distinguishing 
characteristics of the curve. 



SXM »> 



This is due to the fact that X Is ranging from -ir to -H, while Y is 
ranging over a much larger set of values. If In fact, we look at the maxiinum 
value of Y, we can see that it is 81.3. 

s 

\ 



OMO V VAL.UE X 



Since the niaximuni of both the X and Y 
window boundary, both the extents in the 
have the maxiinum value 81.3. < 



extents, together, deterr^iine the 
X direction and Y direction 
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When the user chooses to specify either of tne manual techn .>.:., 
the relationship between the abscissa and the ordinate is frozen. However, 
this relationship is alterable with both of the automatic techniques, simply 
by further modi fyinq the format. If the user specifies In his format the 
STRETCH option, then the X and Y scale factors are Independently arrived 
at with the maximwn extent of the curve In each direction deterwlnlnq the 
window limits in that direction separately. 



If we now look at the same curve, using the Stretch option, we see 
that more detail Is shown In terns of understanding the shape of the curve, 
but we iTiust remember that the ranqe of values on the X axis is goinr frwi 
-u to f-if and Is not equal to the range of values on the Y axis, which 
still has a maxiimim of 81.3 and a ininimufn of -81.3. 




V m lit" itSlH Kl 



UM> V MAX VAtUE i 



It is possible for the user to be confused In using the Stretch option 
and scMTie care roust be taken in doing so. We can look at our standard dis- 
play of the A, &, and C curves, where the X and Y directions are 
determined as equal between -t and +ir in both the X and Y directions. 

we use the stretch option with, again, the A and B curves, the sine 
and cosine, we see that, although tne limits are unequal in the X and Y 
directions* the sense of the curve is still realized. 



However, if we were to araw the C curve, the distortion fror.i the circle 
to an ellipse is very evident due to the fact that the X and Y directions 
are no longer in true relationship to one another. 
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Another of the default options sfts the (G,0) point of the rartpsid," 

co-ordi.- system at the center of the viewport, 
ft 



Again, witn the two nianual techniques, this point Is frozen by the user- 
specified window limits. Within the automatic technique, the user can •r.odi- 
fy the format to set the zero value of X at the left side of the viewport, 
at the right side, at the center, or some location in between, deoendinq 
on the extent of the curve in the negative and positive X directions. 



In this viewport we see one of these particular options. Here, we're 
setting the zero value of X at the left side of the viewport and as a result 
we see only those portions of the m. b, and C curves which fall In the 
positive X direction. 
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Similarly, options are available to set the zero value of v at the 
top of the viewport, in the middle, the bottosi of the viewport, or soma^here 
in between, and we next see the option of setting the Y value of zero at 
the top of the viewport with the corresponding A, U and C curves only 
visible in the negative Y direction. 



We could also combine these two options and in this case set the (0,0) 
value of the Cartesian system at the upper left corner of the viewport. 



Aqain, we see only the portion of the A, B, and C curves that fall in 
that particular quadrant. 
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To Illustrate the use of that format option which allows t ho (0,0) 
value to float anywhere vithin the window, we can consider the two parabola* 
one centered about the origin, the other displaced slightly; 




and we see them here drawn on the standard format with the (0,0) point of 
tne Cartesian systeir. at the center .of the viewport. If we have defined a 
format whicn contains t'(^ option of letting the (0,0) value float anyv-nere 
within the viewport, and we then disolay the parabola which centers ahout t. 
origin, 




we can see that the curve fills the viewport as much as possible with the 
(0,0) value at the bottom center. 
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However, if we use the sane option in a new quadrant with this tin t)>e dis- 
placed parabola, we see aqaln that tne curve fills the viewport but as a 
result the zero value of X now Is somewhat to the left of center. 



other of the format options are somewhat independent of the viewport 
and window concepts. Included in these are the logarithmic scaling, titles, 
axes, and oeam positioning options. 
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Norma ny, 4rhen the user combines some fom^ of text togethe,' wit^. Ms ai splays, 

( ■ • ••■ 

the posftion of the beair at the completion of a display will retu . the 

previous textual location. 

For example, if tr.e user is ecnoing his keypushes, the cojwnand to 
display Y_vs. X appears on tne screen followed by his actual display. 




Tiie ecrioina of the second command to display Y vs. beqins where the 
previous ecnoi ng ended ratner than wnere the d isplay ended. 




This allows for s(»e degree of separation between the text material and the 
display. 
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There are times, however, when allowing the beam to stay wherp it is 
at the end of the display Is useful, particularly, in labelling points of 
the curve. If we had Invoked a format using this option might label a 
particular point, say the point ( -it/2,-1), by calling on the DISPLAY 



operator to display the single point; 




This turns out to be an effective liieans of polntinq directly at a mathematical 
co-ordinate, since one need not know where that point falls on the scope 

# 

co-ordinate system. 
ER?C 1^ 
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If tne user wishes either or both of his axes of display be on a loga- 
rithmic :.cdle, he can do so by specifying the appropriate keywo» lis 
format. To illustrate these options, we can consider the array X defined 
between 0 and Z-n. If the scalinc is linear on boti axes and wc display 
Sin X vs. X, we see the curve and the point (1,1), which we can use as a 
reference point, labelled with the asterisk character. 



If we invoke a format with the Y-axis logaritNnic and at the sanie tiine 
exponentiate the sin function, these two steos in effect cancel one another 
out and we preserve the shape of the curve. 



UN 9 




However, the point (1,1) is now in a different position relative to tne curve 
because of the loq scaling of the Y-axis. 

1.7 
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Siii.ildrly, if we invoke a format which sets the X-axis 1one»">'^'^ic 
and we display Sin X vs. (X exponentiated), again the sine shape is 
preserved out the reference point (1,1) is at a different location. 




And finally, we see both axes logarithmic and both of the original 
functions exponentiated with our reference point at a fourth position. 



n 
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We might also note that the formats which were used to illustrate the 
log scaling also used the title option to place the identifying characters 
at the bottom of each viewport. 





.SIN 



If, as an example, we wished to look at the contents of the format which con- 
trolled the upper right quadrant, we would do so by calling on the system 
operator SHuiy followed by the name of that format, F14. 

CMOU Fi« 

TITLE "s*^" * VS X" 

n«EX mREY L6GY 
9mi S40.940 990.^ 



rfe can then see the contents of that format, which consist of the title 
option, the options for a floating zero value of X and Y, the options for 
log scaling of Y and the viewport options specifying the uoper right corner 
of the scope. 
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I^any users like to have their axes drawn with the graph, an^i although 
a format option for axes was planned, it was never implemented. So, users 
witt)1n THE BRAIN system draw axes by displaying horizontal and vertical 
lines. Here, we've done this with DISPLAY Y vs. zero, where Y is a real 
linear array ranging from -1 to +1. 



The result is a vertical line from the point (0,-1) to (0,+l). This ^orks 
fine for *he manual window techniques or the auton^tic- variable technique, 
uut with the automatic-fixed technique there is a problem. 

If the axes are drawn first, they determine the window co-ordinates and 
the following curves do not appear through the proper window. 
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One solLtion is to draw the curve first anU then the axes. 




Ur, one can use a separate format for drawing the axes; 




but tne best and final solution, hov/ever, would be to implenient an axes 
format option. 
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Ihcffe is a display feature that doesn't come under forr.iat control, but 
which is nevertheless a useful tool in constructing a graphic page. This is 
the ability to have any character, system defined or user defined, displayed 
at the points of the curve in place of the connected line secpents in 
between points. This is specified simply by following the DISPLAY operator 
with that particular character in parentheses and then giving the normal 
function arguments. 



Here we see the A curve with the regular connected line segments, 
thf u curve with the plus character drawn at each of the points and the 
C curve with a period character. 




is 
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Although fairly simple mathematical functions have been il- 
lustrating these various formatting techniques, the techniques thefnselves 
can be applied to the more general problem of controlling the construction 
of a graphic pagt. The material for the graphic page may arise from many 
varied applications, from the pie-chart, to histograms, to least squares 
curve fitting; 



and yet, the problems of translating the data in a mathematical sense to a 
page of information in a graphic sense requires som flexible controls with 
whicn the u:»er can perform that translation. 

In otr formatting objectives ana options we've attempted to orovide 
this flexibility by making a careful distinction betireen the scope's dis- 
playaole area as a viewport and the displayable area or window on the mathe- 
matical functions; and then, within that distinction, by allowing the user 
to vary his viewport and vary his window in such a way as to obtain his 
desired graphic page without having to mathematically manipulate his data. 
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Appendix III 

Notes on Factors for Cowparlson 
Robert Oesftalsons 

The description of "display formatting techniques of THE 8R.i^IN" given 
In Appendix 11 Is now available in the first 3 of the following 4 forws: 

1. Written version (Appendix U) 

2. 16 m film (with sound) 

3. yideoUpe (also with sound) 

4. Slide-audio tape sequence (slides Identical to the phorographs 
of (1) and audio tape Identical to sound portion of (2) and (3) 

If we're to perfons sotoe form of evaluation on the inaterlal and the 
ntedla. have to first cofltlder the attributes of each form. 

Are the people being tested going to view the material in one-shot 
fashion with no chance for reviewing portions of the presentation? If so, 
the film, videotape, and slide sequence allow a fair cowparlson with one 
another since the Input to the viewer can be controlled. It's more dif- 
ficult to control Input to a reader of the written version, since he can 
always re-read a paragraph If It Is not clear the first time. 

If the subject wants to ^view certain port1(ms of the presentation, 
this might point out t^aknesses in the content or the clarity of its expression 
But how important is the ability to review the material? Does the ease of 
review encourage the use of one form over another? The written version would 
clearly have an advantage if the subject were allowed to look back over the 
material since it's easier to find what you*re looking for on paper than 
hunting back and forth on a film, videotape or slide-tape sequence. 
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The dynamics of the film or videotape presentations and the effect 
on uiiJarstanding the material should be examined In matching . - (2) or 
(3) versas (1) or (4). 

Some of the obvious concepts to be tested as indices of effective 
learning would be: 

1) The Window vs. Viewport; how do they differ, when do yju use 
one or the other? 

Z) what are the differences between rtutoniatic-Fixed, Auto- 
matic-Variable, K.anual- F-xed, and Kanual-Variable fonriat 
options? 

3) wnat is a format in TI'.L uuAi.; system? 

4) How does one c.cate a format, store a format, use d forridi 
or look at it? 

5) How do you put d Curve into the upper-right quadrant of ^r.i? 
screen? 

u) How would you look at only that portion of a curve Lhat tlII 
in the negative a direction? 

7) what does tne Stretch option ao and wnen would it wortf. 
using? 

b) How do you UdcI a particular point on a curve? 

tould subjects learriing tKrougi. one ntedluin answer these questions any 
better than those learning througn another mediufu? with review allowed or 
without? , 

If tiic suiijtcts knew alrtauy new to use Tnc oMU system in all areas 
otner than the display, woulo ti.ls nave- any effec upon how they digested 
the riaterial of the presentation and wmch r.iediuiri .^as .r^ore successful/ 



SONE ILLUSTRATIONS OF AN INSTRUCTIONAL ^ 

S 

TECHNIQUE TO TEACH THE RELATION OF POLE-ZERO g 
CONFIGURATIONS TO TIME DOMAIN FUNCTIONS 
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The following are typical exiflnples of an Instructional technique suggested 
by A. G. Oettlnger In which Illustrations are concatenated so that the 
learner can observe previously presented Illustrations simultaneously so 
that comparisons can be easily made with the current illustration. 

The application here Is an attempt to help the student relate pole-zero 
configurations to corresponding functions in the time domain. 

The Illustrations were prepared from 35 m slides taken of displays 
generated by THE BRAIN. 



ILLUSTRATION OF THE TIME RESPONSE CORRESPONDING 

TO ONE REAL POLE 



^ 0.00, o«oo 




ERIC 




These time functions are cteciylng exponentials of the foni y « e ' . 
The curves are characterized by a single paraiiieter called the tine constant 
This Is the time for the function to decay ariproxlMtely 2/3 (actually 0.6% 
froB Its Inf^al value to Its final settling value. 

SEE IF YOU CAM FIND THE RELATION BETMEEM THE TIME COMSTAJfT AND 
THE LOCATION OF THF C0RR£SP(»«0IN6r^E. 
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P ^^.90, 9.00 

HO tBfm 



P 1-00. 0.00 

NO zews 



^ r B» i 1 



1/ 
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Mrat value do you think the tine 
fiflictlon corresponding to the pole 
At ♦! will Heve at tlw t«5 sec? 
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ANS: 149 
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ILLUSTRATION OF THE TIME RESPONSE CORRESPONDING 
TO TWO REAL POLES WITH ONE AT THE ORIGIN 



« 
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What Is the time function 
corresponding to tmo poles 
located it the origin? 



I 
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ILLUSTRATION OF THE PARTIAL FRACTION EXPANSION METHOD 
FOR DETERMINING THE TIME FUNCTION 
CORRESPONDING TO SEVERAL REAL POLES 
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DISCUSSION 

We have seen that a single real pole corresponds to an exponential function 
In the time domain. If we have a pole-zero configuration with more than one 
real pole, the resulting time function can be expressed as the sum of 
exponentials of the form y «= Ae^^ corresponding to each pole. 

The Constanta is determined by the location of the pole on the real axis. 
For a pole on the negative real axis, is equal to the negative reciprocal 
of the time constant (-1/^). 

V 

The coefficient A corresponding to a given single pole can be determined 

*■ 

using the following rule: 

i) draw a vector to the pole under consideration from each 
other pole and from each zero. 

11) then the coefficient A is given as; 

A = product of the vectors from thi. zeroi 
. ' ^ product of the vectors from the poTes"- 

f 

l^or example the coefficient corresponding to the pole at -2 for the 
configuration shown Is A = (-2)/(-l) »= 2. -A 

ERIC N^^ - 
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IlLUSTRATION OF THE CANCELLATION OF A POLE AND A ZERO 
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What happened to the 
zero at the origin? 



